Abstract. The objective of this study was to identify the key copepod species and their life cycles, and provide evidence for any seasonal and spatial changes in the copepod community in Malangen, a fjord located 30 km to the south of Troms0 in Northern Norway (69°30'N, 18°21'E). As a result of high levels of freshwater run-off in May, the fjord became highly stratified with a sharp pycnocline at 10-30 m depth from May to August. The generation patterns of six copepod species are described.Catoms finmarchicus produced one generation during the spring that year, whereas two generations appeared to be produced by both Pseudocalanus acuspcs and P.minutus: one in spring (March-June) and the other in autumn (August-December). However, it is uncertain to what extent P.minutus regularly produces a second generation. Two peaks of CI-CIII Metridia spp. were found; there were differences along the length of the fjord in the timing of these, but the relative contributions of M.longa and M.lucens are uncertain. Chiridius armatus CI-CIII peaked in abundance in the spring, which indicates that one main generation was produced at the outer station of the fjord. The copepod community in Malangen could be grouped into three entities according to their numerical abundance during the yean one group of highly abundant forms, generally with maxima >50000 individuals m~3 (Cfinmarchicus, Microcalanus sp., Oithona similis, Oithona spinirostris, Acartia sp. and Pseudocalanus spp.), a second group of less abundant species with a clear seasonality in abundance, varying from 500 to 50 000 individuals m~3 (M.longa, M.lucens, Calanus hyperboreus, Carmatus, Temora longicomis, Oncaea sp., Euchaeta norvegica and ScoUcithricella minor), and a third group of 14 holoplanktonic species, sporadically occurring in the fjord. The study demonstrates clear gradients in the abundance of five species along the length of the fjord: the recruiting generation of Cfinmarchicus occurred in higher abundances at the outer station in May and June compared to the other inner sites. Later in the season, the reverse situation appeared, in which the population was more abundant in the inner part of the fjord. Calanus hyperboreus increased abruptly in abundance from low winter levels to a maximum in April-May, and declined steadily during the season (except at the innermost station). Metridia lucens, M.longa and Carmatus demonstrated different distribution patterns in Malangen that matched their preferred areas of distribution. Both M.lucens and Carmatus are known as oceanic and deep-water species, respectively, and these were prevalent at the two outer sites in Malangen. Metridia longa is a more neritic species and was found in highest numbers at the two innermost sites. The mechanisms for the differences in abundance among these species within the fjord are discussed.
Introduction
During the past few decades, a number of studies have been carried out on zooplankton communities in Norwegian fjords (see, for instance, Matthews and Sands, 1973; Matthews and Heimdal, 1980; Eilertsen et al, 1981; Kaartvedt, 1984; Hopkins et al., 1989, and references therein) . These studies deal with fjords all along the Norwegian coast, from Oslofjorden in the south to Balsfjorden in the north. A vast body of information has been acquired, covering population dynamics, seasonal variations in chemical composition and the trophodynamic role of key species. As a basis for studies of food web interactions, detailed knowledge of the population dynamics of the species involved is a prerequisite for any successful quantitative approach. The life cycles of the most important copepod species are therefore well described, and our knowledge of how species respond to T.Falkenhaug, K.Tande and A.Tunonin seasonal variations in the abiotic and biotic environment is fairly advanced (see, for instance, Tande, 1991; Norrbin, 1992) . Since information has been obtained over a long period of time, the approaches and sampling designs have been highly variable, a situation that puts definite limitations on the biological information that can be extracted from these studies. Several of the studies aiming at describing population dynamics have in common that they have been highly variable with respect to resolution in space and time. Several of the copepod species have, therefore, been studied in different years in different physical and biological settings. This has hampered the establishment of conclusive evidence for interspecific differences in response patterns to environmental conditions. Furthermore, both physical and biological aspects have underlined the open-ended nature of fjords and their pelagic communities (Matthews and Heimdal, 1980) . Recent studies have provided insight into how strongly fjords interact with the external water masses, and there is growing evidence to suggest that much of the pelagic biomass in the fjords can only be explained by advection (Aksnes et ai, 1989; Falkenhaug etal, 1995) .
Despite the powerful influences of horizontal flushing and mixing, zooplankton are capable of aggregating in certain areas of estuaries and fjords. Zooplankton populations in the St Lawrence Estuary were concentrated in the deeper parts of the estuary, whereas no population centres were found in stratified water masses (Laprise and Dodson, 1994) . A recent study from Balsfjorden shows that there are large differences in zooplankton species composition and biomass between three close stations, and that these differences persisted throughout the year (Barthel, 1995) . It was hypothesized that food availability for higher trophic level organisms was indirectly influenced by small-scale physical processes and by various morphological features of the fjord. It is, therefore, evident that better knowledge of the zooplankton trophodynamics in fjords will have to be based on improved knowledge of horizontal and vertical distributions relative to and in reaction to hydrographic features. The objective of this study was, therefore, to identify the key copepod species and their life cycles, and to provide evidence for any seasonal and spatial changes in the copepod community in Malangen. The paper will thus provide a basis for explaining the interaction between hydrography and any consistent quantitative changes among the key zooplankton species in the fjord.
Method
Malangen (Figure 1 ) is located 30 km to the south of Troms0, in Northern Norway (69°30'N, 18°21'E). The length of the fjord is 50 km and its average width 5 km. The fjord is separated from the ocean by a 200 m deep sill, situated outside the fjord mouth in an S-shaped 500 m wide channel-like groove which stretches for several miles off the coast with 50 m deep banks on each side. Further inwards, two basins are formed, an outer basin with a maximum depth of -400 m, and an inner one with a maximum depth of 250 m, separated by a shallow threshold at 160 m. The Malselv estuary flows into the inner basin. The fjord is connected to adjacent fjords via two narrow sounds with shallow sills (10 and 30 m). A more detailed description of the fjord is given in Falkenhaug et aL (1995) . 
Hydrography
Monthly hydrographic data in the water column were obtained with a Neil Brown CTD profiler, and chlorophyll fluorescence was measured with a BackScat Fluorometer Model 1121 MP/Chla mounted on a Multiparameter CTD Probe OTS 1500 (ME Meerestechnik-Elektronik GmbH) coupled to a PC for data storage.
Zooplankton sampling and identification
Monthly zooplankton sampling was carried out from R/V 'Johan Ruud' in the middle of each month from February to December 1992. Stations ( Figure 1 ) were located along an axis extending from the mouth to the head of the fjord, and zooplankton data are presented from four sites (Stations 8, 14, 19 and 23) .
Zooplankton samples were obtained from 5-7 depth strata at each station by a 1 m 2 MOCNESS with a 180 urn mesh size net (Wiebe et al, 1985) , towed at 1 knot. (10:00-14:00 h) and at night (22:00-02:00 h), but only the results from the nighttime samples are presented in this paper. Each sample was split with a Motoda splitter device (Motoda, 1959) , and one part was frozen in liquid nitrogen for later biomass determinations. The other part was preserved in 4% formaldehyde in seawater buffered with hexamin. A bactericide, 1,5-propane-diol (5% by volume), was added to the preservative.
In the laboratory, all the non-copepod zooplankters were removed from the samples. The samples were split and all specimens in aliquots of -1000 animals were counted and identified under a Wild M3 stereomicroscope at 6-50 X magnification. No less than 1/100 of the original sample was identified. For those species which were recorded in low numbers, a lower degree of subsampling was employed.
Results

Environmental conditions
The water masses in Malangen in 1992 were weakly stratified in winter, with small vertical variations in temperature and salinity. The salinity isopleths along the fjord demonstrate a strong pulse in the freshwater outflow from June to August, with light water (<33.5%o) in the uppermost 50 m (Figure 2) . As a result, the fjord became highly stratified during this period, with a sharp pycnocline at 10-30 m. The surface low-salinity water was found mainly in the inner part of Malangen near the outlet of the Malselv river, but was also seen to propagate out of the fjord at that time. Water masses below sill level were characterized by high salinities (mean values 34.5%o) all year round, but salinity increases were observed in the outer basin in April and August.
The temperature in 1992 ( Figure 3 ) varied seasonally, with surface warming starting after April and continuing throughout the summer with maximum sea temperatures of 11°C in surface waters. Winter cooling of the surface started in October, reaching minimum values in February. Temperatures in deeper water were more constant with minimum values in May (6.0°C) and a maximum in October (7.7°C).
In order to describe the timing of the spring phytoplankton bloom at the various sites in Malangen, monthly values of chlorophyll fluorescence are given for the period from March to June (Figure 4 ). Fluorescence data covering late summer and autumn for Station 8 have already been presented by Falkenhaug et al. (1997) . At the very beginning of the spring bloom in March, the highest fluorescence values were found in the inner part of the fjord. A month later, high values had propagated outward to a larger area of the fjord, with maximum values slightly above 7 ug chlorophyll equivalents I" 1 . After the culmination, a local area of high concentrations of chlorophyll was observed in May, around the outlet of the River Malselv (Station 23). Low fluorescence levels were recorded in the upper water masses (<100 m) in June, and values did not exceed 2 ug chlorophyll equivalents I" 1 for the rest of the study period. 
Population dynamics
Seven species of copepods dominated the biomass, and the population dynamics for these species are presented from the four study sites in 1992. Calanus finmarchicus was found to be represented basically by a single cohort that year ( Figure 5A ), although it was present with a small proportion of CI-CIII in July and August, both at the outer station (Station 8) and at the inner station, near the Malselv river estuary. Progressively higher proportions of CIII and CIV were present in the population during the summer and autumn period at the outer sites (Stations 8 and 14) than in the inner part of the fjord. Two cohorts of Pseudocalanus minutus and P.acuspes CI-CIII could be traced along the entire fjord ( Figure 5B ): one in spring (March-June) and the other in autumn 456
Downloaded from https://academic.oup.com/plankt/article-abstract/19/4/449/1480184/Spatio-temporal-patterns-in-the-copepod-co by guest on 16 September 2017 (August-December). However, it is uncertain to what extent P.minutus regularly contributes a second generation, since the data in the current study fail to show a peak in abundance among the adults during the autumn, except at Station 19. Separating the two sibling species Metridia longa and Metridia lucens is time consuming before they reach CTV, and CI-CIII have therefore been combined ( Figure 6A ). The results demonstrate two peaks in abundance of CI-CIII at all four sites: one in spring (March-May) and a second in autumn (August-October). Both G o and Gj cohorts were more difficult to trace later in the season as CIV, CV and adults at a species level, but M. lucens could be traced as two cohorts at the three outer sites in Malangen. Calanus hyperboreus occurred regularly in Malangen. Signs of reproduction were found in late winter and early spring ( Figure 6B) , with the presence of adults at all stations and a small proportion of CI-CIII appearing in March and April.
The stage composition of the omnivorous copepod Chiridius armatus was clearly structured at the two outer stations in Malangen, whereas at Stations 19 and 23 they were more variable through time (Figure 7 ). The data from Buvika and Aglapen suggest that one main generation was produced, as can be inferred from the peak in abundance of CI in July.
Population abundances and along-fjord distribution
Fifteen of the copepod species recorded in the plankton during the study period have been compiled and are presented in the order of their numerical importance (Figure 8 ). The copepod community in Malangen could be grouped as three entities according to their numerical abundance during the year: one group of highly abundant species, generally with maxima >50 000 individuals nr 3 (Cfinmarchicus, Microcalanus sp., Oithona similis, Oithona spinirostris, Acartia sp. and Pseudocalanus spp.), and a second of less abundant species, generally varying from 500 to 50 000 individuals nr 3 , but always present in the plankton (M.longa, M.lucens, C.hyperboreus, Chiridius armatus, Temora longicornis, Oncaea sp., Euchaeta norvegica and Scolecithricella minor). All these species were recorded in the plankton throughout the period of investigation, but most of them demonstrated a clear seasonality in abundance. A third group of 14 holoplanktonic species, constituting a fairly large group of sporadically occurring forms, was found in the fjord (Table I ). These might be grouped into (i) true oceanic species (i.e. Aetidius armatus, Diaixis hibemica, Heterorhabdus norvegicus, Monstrilla longicornis, Gaidius brevispinus), which were associated in time with the inflow of deep water in spring and summer, (ii) a group of neritic forms (Podon sp., Evadne nordmanni, Eurytemora sp.), (iii) a heterogeneous assembly of species in the autumn (Centropages typicus, Chamatus, Paracalanus parvus, Candacia armata, Pleuromamma robusta), where the three former species occur in fairly high abundances. The data given in Table I show the situation at the outer station (Station 8), but most of these species disappeared towards the head of the fjord (data not shown), and only three of the 14 species were found at Station 23 (Chamatus, E.nordmanni, Eurytemora sp.). At all three innermost stations, Cfinmarchicus increased consistently in abundance from winter minimum levels in March to a maximum in the autumn (July-August). At the outer site (Station 8), the increase was more abrupt and the 458 copepods peaked earlier (May). As a result, the recruiting generation of Cfinmarchicus occurred in greater abundances at the outer station (Station 8) in May and June than at the inner three sites, while the reverse situation appeared later in the season when the population attained higher abundances in the inner part of the fjord. TTie decline in abundance during the autumn was nearly identical at all stations. 
-
The population size of C.hyperboreus was substantially lower (1/20) than that of its sibling species Cfinmarchicus, and had a different pattern of seasonal variation. The population increased from minimum levels in March to maxima in April and May, except from Station 23 where the maximum abundance was not attained until September (Figure 8) . From May onwards, there was a general decrease in stock size of Chyperboreus with time throughout Malangen,except at Station 23.
Microcalanus spp. appeared in similar abundance at all stations, without any clear seasonal trend. The cyclopoid copepod O.similis peaked during the summer and autumn, with highest summer values at Station 23 in inner Malangen. Its sibling species, O.spinirostris, was recorded in every month, but peaked in abundance from July to September. There was no consistent trend in the seasonal abundance of Acartia tonsa, but the highest densities of this species occurred during the summer at the innermost station (Station 23).
Juvenile Pseudocalanus spp. (CI-CV) appeared in greatest numbers at the innermost site (Station 23) in Malangen, whereas generally low numbers were observed at Station 14 during the entire study period. Adults of P.acuspes and P.minutus co-occurred throughout the fjord. However, no clear trends could be seen in the distributions of these two species along the length of the fjord, although P.acuspes occurred in very low numbers at Station 19 in 1992. Indications of different phasing of the seasonal variations in the sizes of the populations of these two species could be traced in the data from 1992, where P.minutus was prevalent in the overwintering stock from February to March, while P.acuspes occurred in larger numbers towards the end of the study period in October-December (Figure 8) .
The stock size of all the copepodite stages of Metridia spp. was very variable at all four stations, but on a seasonal basis tended to mirror the two peaks of recruiting CI-CIII in late spring and late summer (Figure 8 ). There was also a consistent increase in the proportion of M.lucens nearer the mouth of the fjord (going from Station 23 to Station 8), while M.longa was more abundant at the two inner stations in Malangen.
The omnivorous species, C.armatus, was present in Malangen at low levels from March to May, and higher population densities were reached later in the year at the outer stations. The predatory species E.norvegica was most abundant at Station 19 (1500 individuals nr 2 and T.longicornis, Oncaea sp. and S.minor did not exceed 500 individuals m~2 at any of the study sites.
Discussion
Hydrography
The hydrography and general circulation systems of fjords are best described by a three-layered cell system which can be defined as surface, intermediate and bottom water. Depending on the amount of freshwater run-off, tidal currents and wind, the surface layer will vary in depth, but extends typically down to 30-40 m.The intermediate and basin waters are usually vertically separated at the sill depth.
The physical data provide some very general statements of the internal physical conditions in Malangen during the study period, and of the seasonal pattern of water exchange between Malangen and the ocean outside. The increased freshwater run-off in spring gave rise to a strong surface current of brackish water moving downfjord (Falkenhaug et aL, 1995) . Downward tilted isopycnals outside the fjord sill in April (Figure 2 ) may indicate horizontal exchange of water between Malangen and the outer coastal current in the intermediate layer (Leth, 1995) . Prevailing southern winds along the coast result in Ekman transport toward the coast, with inward transport in the upper part of the intermediate layer and a compensating outward current in the lower part just above the sill depth (Svendsen, 1995) . However, in broad fjords like Malangen (width greater than the baroclinic Rossby radius, 3.6 km), the Coriolis force is of importance for the internal dynamics. Coastal water will thus be transported into the fjord on the right-hand side, balanced by an out-transport on the opposite side (ProehJ and Rattray, 1984; Svendsen, 1995) .
The high temperatures and salinities observed in the basin water in Malangen all year (mean values 6.5°C and 34.5%o, respectively) could not be maintained without regular communication with the warmer Atlantic water off the coast (Saelen, 1950 ). An increase in the salinity and temperature of the outer basin water was observed in March-April, indicating an inflow of Atlantic water at that time. A second but smaller increase was also observed in July-August. Pulses of highsalinity water in the basin water in the spring and autumn have been observed annually in this fjord (Saelen, 1950; Normann 1991 Normann ,1993 Leth, 1995) .These inflows are probably related to large-scale pressure systems off the coast (Svendsen, 1986) . The inner basin was influenced to a lesser extent by this intrusion of highsalinity water.
Seasonal and along-fjord dynamics in the biotic environment
The spring bloom started in inner Malangen in March and progressed outwards during the following weeks (Figure 4) . The bloom culminated in late April, when high surface values of chlorophyll (>7 ug chlorophyll equivalents I" 1 ) were found in the uppermost 50 m. This pattern of spring bloom development and culmination is consistent in time with earlier studies from the nearby Balsfjorden (Eilertsen and Taasen, 1982) . Although our data only provide information from the uppermost 100 m of the water column, they indicate that the phytoplankton crop was low from June onwards. Although considerable primary production was still possible under high grazing pressure during the summer and early autumn in the area (N0st-Hegseth etal., 1995) , the phytoplankton crop had most likely been eroded by grazing, sedimentation and lateral water exchange after June.
Generation patterns
The generation cycles recorded in the six copepod species generally agree with earlier findings from north Norwegian fjords and coastal waters. The annual generation of Cfinmarchicus appeared in the plankton as CI-CIII in May. The timing of reproduction is consistent with earlier findings (Tande and Hopkins, 1981; Tande and Slagstad, 1991; Diel and Tande, 1992) , but the appearance of stages CI-CIII in the summer might have been due to advection from the coastal current further out, rather than from endemic spawning in Malangen. Two generations appeared to be produced by both P.acuspes and P.minutus in Malangen in 1992. In a study of the two species from north Norwegian fjords and the Barents Sea, Norrbin (1991) grouped P.acuspes and P.minutus as essentially coastal and oceanic species, respectively. Both have elements of 'K-strategy', where the latter resembled more large herbivores with a short developing season and long resting period. The two species co-occurred in Malangen in 1992, but P.acuspes was found clearly to dominate in Balsfjorden in 1989 (Barthel, 1995 .
A two-generation pattern in M.lucens in Malangen is in accordance with earlier findings from shelf waters (Wiborg, 1954) . Metridia lucens produced three generations in Dabob Bay, Washington, in 1973 (Osgood and Frost, 1994) , and M.pacifica (-lucens) was found to have three peaks of reproduction at Station P in the North Pacific (Batchelder, 1985) . In the western Bering Sea, M.lucens probably has four peaks of egg production, while in the northern Bering Sea it has only one (Heinrich, 1962) . The less oceanic species, M.longa, was recorded in Malangen as males and females during the entire study period at Stations 19 and 23, indicating a less clear generation pattern, but has been shown to produce only one generation a year in Balsfjord (Tande and Gr0nvik, 1983; Gr0nvik and Hopkins, 1984) and in theTrondheim Fjord (Str0mgren, 1973) .
The low abundances of Calanus hyperboreus and Chiridius armatus prevented us from making a clear interpretation of the population dynamics of the two species. Our results indicate that Chyperboreus reproduces in the fjords in northern Norway, but advection of juvenile copepodid stages from oceanic waters is as likely. Although the longevity of this species is considered to be 2 or 3 years (Conover, 1988) , the early occurrence in late winter of CI-CIII points to regular annual spawning events. The variable proportions of different stages of C.armatus at the four sites in Malangen indicate that the species has its centre of population at the deep site at Station 8, and should be considered as an expatriate further inward in Malangen. The data from Malangen suggest that one main generation was produced in the spring. It is difficult to ascertain whether the second peak in CI-CIII in the autumn represents offspring of the first generation (Gi), or is merely remnants of a prolonged spawning period in the overwintering generation (G o ). Alternatively, the observed bimodal numerical distribution in time among CI-CIII might reflect advection of a second generation from more southern locations. A two-generation pattern in this species was found in Masfjorden in Western Norway (Bakke and Alvarez-Valderhaug, 1979) .
Temporal and spatial variation in copepod populations
In this study, we found clear trends in the spatial abundances of five species. The differential increase in the standing stock of C.finmarchicus in early summer in Malangen might be due either to an earlier onset of recruitment in the oceanic water or to stronger retention of copepods in the deep basin at Station 8 than at the other sites further inward. The abrupt increase in abundance of C.hyperboreus in early spring from low winter levels was similar at all four sites, and might be due to the inflow of deep or intermediate water, which is known to take place in Malangen usually in late spring (Saelen, 1950) .
Metridia lucens, M.longa and Carmatus demonstrated differential spatial distribution patterns in Malangen in accordance with their preferred areas of distribution, which means that populations decrease as they are moved away from their population centres (see Laprise and Dodson, 1994) . This along-fjord difference in abundance evolved from homogeneous low stocks of overwintering populations early in the same year. Metridia lucens is known to be an oceanic species, whereas M.longa is more neritic (Wiborg, 1954) . Metridia lucens was quantitatively more important in the outer part of the fjord, especially during the autumn, whereas M.longa prevailed at the inner two stations, and they certainly contributed differently to the surface-dwelling CI-CIII cohorts found in Malangen. An increase in the abundance of M.lucens during the late summer and autumn, as seen in Malangen, has also been observed at other locations (see Str0mgren, 1973) . This is in accordance with intrusion from more oceanic areas where this species has its centre of distribution (Wiborg, 1954) . Chiridius armatus has been described as a bathypelagic species (Sars, 1902; Brodskii, 1967) . A generally higher population abundance of Carmatus at the two outer stations (Stations 8 and 14), together with a progressively decreasing consistent stage structure in the population toward the head of the fjord, suggest that the species thrives at deeper and more oceanic sites. The differential spatial distribution patterns observed in M.lucens, M.longa and Carmatus in Malangen are not to say that they do not reproduce throughout the fjord, but that there is an unbalance between advection (emigration/immigration), recruitment and mortality throughout the productive season in Malangen for these species.
Spatial gradients in endemic fjord populations, as found in Malangen, can arise if the exchange rate within the fjord differs locally relative to the turnover rate of the population, or if the population has a behavioural means of remaining at specific sites, such as tidally oriented vertical migration (Cronin and Forward, 1979; Wooldridge and Erasmus, 1980; Kimmerer and McKinnon, 1987) . It is known from transport studies in estuaries that migration in the vertical shear of current speed and direction is the principal mechanism that retains animals in specific locations in the estuary (Laprise and Dodson, 1994) . This line of argument has been further developed by Kaartvedt (1993) who made a distinction between drifting and resident plankton in fjord systems, where none of the five copepods discussed here were listed as resident species. Seasonal, diel and ontogenetic variations in the vertical distribution of several copepod species in Malangen were observed in 1992 (Falkenhaug et al, 1997) . Such differences in depth distributions in sheared flows have been found to be explanatory of horizontal distributions (Wroblewski, 1982; Hill, 1994) . Individuals remaining in surface waters in an estuary tend to be transported downstream (Fortier and Leggett, 1982) , whereas those that remain in deeper waters accumulate at the head of the estuary (Laprise and Dodson, 1989,1990) . Calanus finmarchicus and C.hyperboreus were confined to the upper water layers during spring and early summer in Malangen, and would therefore be transported out of the fjord in those layers (Falkenhaug et al, 1995) . This would tend to be reversed later in the season when the distributions of these species are deeper. Kaartvedt and Aksnes (1992) demonstrated in a western Norwegian fjord that strong pulses of freshwater from a power station increased the plankton biomass at the head of the fjord due to enhanced inward transport in the compensation current. Although this mechanism is certainly in effect in Malangen, it is likely to be of lower magnitude due to weaker current in Malangen.
Abundances of Carmatus changed by a factor of four over a distance of 3-4 km in the autumn (from Station 8 to 14). Although these were maximum values observed among the five species, these gradients are still striking, and they suggest a strong behavioural mechanism for position maintenance or very strong gradients in mortality. In Malangen, high numbers of gelatinous predators (e.g. Bolinopsis infundibulum) are found during the summer in surface waters (0-50 m; Falkenhaug, 1996) , and a considerable stock of other invertebrate predators is known to be present during the winter months in deeper depth strata (T.F.Falkenhaug, unpublished data), all of which prey on copepods. This indicates a strong seasonality in the invertebrate predation. However, the estimated ingestion rate in B.infundibulum was found to be exceeded by the advective exchange of mesozooplankton biomass during summer (Falkenhaug, 19%) . Thus, gradients in mortality are an unlikely explanation of the observed spatial patterns since gradients in predation would have to be enormous to maintain changes in abundance over a few kilometres against strong mixing and advection (Kimmerer, 1993) .
Previous studies from the Scotian Shelf indicate that zooplankton community structure in advective environments appears to be determined primarily by the species-environment relationship (Tremblay and Roff, 1983) , rather than species-species relationships as is the case in the central oceanic gyres (McGowan and Walker, 1979) . However, changes in temperature and salinity per se may not be the causal factor in the zooplankton changes, but will indicate changes in the general hydrographic regime (Gardner, 1977) such as mixing or incursion of deep water. Studies of zooplankton communities from fjord systems in British Columbia indicate a tendency towards lower spatial variability compared to the range of temporal variability observed in advective systems (Mackas and Anderson, 1986 ). The plankton community in high-latitude fjords like Malangen is also likely to be affected by the species-environment relationship. We believe that the low number of species observed with consistent differences in numerical abundance along the length of the fjord could result both from the fact that Malangen has sources for advective intrusion of water with similar plankton communities, and that the fjord is bathymetrically relatively homogeneous (reducing the potential for habitat differentiation). Most community analyses of zooplankton have been based on well-established spatial resolutions, but are often more weakly based on the temporal scale (see, for instance, Gardner, 1977; Mackas etal, 1980; Mackas and Anderson, 1986; Pedersen et al, 1995) . This study demonstrates the importance of long time series to resolve consistent spatial differences among species in a high-latitude copepod community.
